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i..o o' ec ul/u c: . is rrv/ccti' ation was to do /clou 
technique or .cac:ri. the wa tor--' Ir ratio in a ;.i , speed 
spray-lad cr. t-r strec ♦ Ihe desirability of bcino cole to 
evaluate tn .c cispersion produced .by atonizers injecting 
v.uceu into air streams bas become apparent in too current 
investigat-ons into the possibility of ofcfcainir.* c. ~t: unction 
pressure increase in a nigh temperature air stream by 
evaporative cool.. Q J* Such c technique nl also c 
oeful Iji the evr.i action of ' el injectors for run jet 
o.. ines, or in tie *osc*r©. .«nt of we tor .r ratios encoun- 
tered by .ir.no : Ilyin.: through clouds. 

Tie approach employed was to withdrew a r. . ic ron. tlio 
strea . thro •' a probe , and to neac ;rc its v/n ter err ratio. 

7! e cr :x of .c pro Me i was to .. -inure that the ..... . Me o’ - 
bailed war truly representative of ti c circa.’ end not 1.. 

. : : . i suit of thf diver coco o. t - • ifccx q bra** 
jcctorlcs Iron be air c free. .lii.ee c luiei 1. tie distur! unco 



of t'tc flow pattern by tnu presence of tn.e , robe. 

Tv.o methods ./ere employed to assure u .nt a tr. c e. . le 
rs obtained. In the .irst, the up strea area of t..e sire a:.; 
t c enter!. .; the probe v;as cricjincod by a one di: cr.sicr.ai 
analysis, and a true sar.pl e was inferred when t Me re a 
equaled the «rca of the pro' entrance. 7 »e second ether 



was to measure the di.. erence be-cwcon the interior and ex- 
terior pressures just do'-nstrea of the c ..rnnee cf o. sh-.r; 




cd.’od ;ro' o , r true c~npl© being inferred whan this difference 
is cere. 

busier [_ . J investigated bio jse of a ssvpiing probe to 
. ... .5 re i_quiri concentration in s spray-laden air stream 
./it -/cioc-t-cs between 2b to >*i feet per sc cone. He con- 
cl tried that tie ...easurt-d ratios did not vary with sampling 
rate .... tic range of .is experiments, arid therefore that 
tic collection efficiency £ . J conic: be assumed to be one 
Hundred per cent. 

Vic present investigation involved air speeds of the 
order of r. ultude of <00 fee; per ceccni. Furthermore, the 
tiors . o- ■ id consider;':. ile variation of water air ratio with 
s iplir.y r.' . , anti .... fact collected extensive data on this 
•eristic. ... expectation that to ic peculiarity in the 

•a svior of tic function night provide an expeditious z*vd * 
positive identifies t tor. of tie true sample. 

Ot.icr . v/oc ;i or ^b^:../e approached tie problem 
e. ploy in; . .ea sure menu technique- involving electrically 
. ted rtc^oiancc wire loops to measure the cooling effect 
; . -pingi;. v ter drops. Since one requirement of this 

it t irt tie surface of the wire must be able to 
'W orate ail of the inpinging water, it was felt that the 
use uiique would bo unsuitable- for high ’water air catios. 

.rt r, .eci. nicel ;tre..tu of tie wire loop is c. factor 
w.ich would seriously i. .pair its use in high speed streams. 




II. J3BCCMES 



The experimental investigation upon which this thesis is 

• 

based was carried out in an apparatus designed by adleigh^H 
d Larson lal* and built under the sponsorship of the Aerc- 
Luermopreccor Project. The small scale (2-1/S inch) subsonic 
e*£Othenaopr*»8«r , h is a duct fitted Mlth cr. atmospheric 
inlet nozzle and a diffuser exhausting to the laboratory air 
exhaust system, was used as a source of a high speed spray 
laden air stream. The water injection nozzle used for this 
investigation was the co-callcd multiple prong nozzle con- 
sisting of seven parallel tubes of C.11G inch inside diameter 
arranged six on c 1 - 1/4 inch diameter pitch circle, one a'; 
center; and aligned with the axis of the aerotherr opressor , 
the nozzle discharge plane beiir, coincident with the plane 
of minima bellnou (entrance to cylindrical test 

section). 

Tue sample was withdrawn the aerotaermopressor at 

a point about fifteen diameters from the plane of injection 
by means of probes designed by the authors, (See Figures I, 

II, and III) and led into the humidity measuring apparatus 
described by Larson (op.cit.). A schematic diagram of the 
..umidity measuring apparatus is given in Figure IV. 

The sample was conducted through electrically heated 
piping, to minimize condensation of vapors^to the boiling 
water heat exchanger, the function of Which was to evaporate 
all the water withdrawn from hie cirstrean. A standard 
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long radiuG flo ic: curing nozzle as installed directly 
after this hozt exchanger for the purpose of Measuring the 
sample ness flow rate. 3ince the surface area of the heat 
exchanger was sufficiently large, it has been assumed for the 
purpose of this investigation that the tempera cure of the 
cample was constant at 20b c t . at the inlet to the flow 
measuring nozzle. 

The steam and water heat exchanger foilwing the flow 
ozzle was intended to provide a .means for controlling the 
temperature of the sample discharged to the sensitive element 
and to maintain the ambient temperature within the Dewcel 
chamber in the range of operation of the CMlitivi element. 
The characteristic curve of the Dewcel sensitive element is 
included as Figure V of this report. 

The sensitive element is a "thin walled netal socket 
(to fit a ”o::horo o meter bulb) covered with a woven 

1*B8 tape impregnated with lithiu loridc. 
alternating current power supply is connected to a pci.* of 
silver wires wound over the tape. If the temperature of the 
P ewe el is below the equilibrium temperature, the salt ab- 
sorbs moisture from the atmosphere, the conductivity of the 
solution on the tape betv/een the wires increases, and the 
current flow increases, raising the Dewcel to equilibrium 
temperature. This temperature is then determined and used 
as a measure of the dev/ point temperature." " 

Toxboro Company Instruction Sueet 3-311, Foxborc Pew Point 
? Measuring n, 1 1 ovember 1’ « he F orfero Co , Tox- 

boro, Mass. 
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The dew point o' the sc. hole ir cor. -act with tl.c sensitive 

clement mo read directly on either of t o r«. otc 'Gad hup 

;r.s Tilled iher io:.;etc:: , calibre ted in accord.' nee wit., tie 
% 

setmtion c.rjrac : eristics cf ii,h. chi or h • The t. c r .o- 



ieterc covered e ren?c o' dew points fro . r r . • to 142° , 

overlapping in tic ranee v-i c 1', to ICC 0 P. 

7:0 o. cel charter *. cylindrical t .1 connected to 
t.iO err * lo pipivj r.d surro unded ly an annular space triTuph 
iicu the ctear and rater fro: the te norat re control .cat 
excha.; or .7ac clochr •_ id. A section lino fror the sa.iple 
oho f or connected to the La oerof hertopr: rco.r ex..:, at 
c ::or , and the pro 6 cure in the ;..a »cr .. varied fro 
li ..fly cion a hiosphcric to a o re 2 inc..e of .or . 

• .:ca; by j :ear.s of a throttling aivo in t Is line. or the 
core of brevity a r.orc corpleti.- . .. oor_ :.ic. . o i . •: apt) art- a 

, 

y h ~on for deta-i:. 

7. to pro: >08 zed rhi£ export- :entrl _i c.c ;i '.at-o: rare 
of two general typos, hit Jirst s .ape investigated uzc a 
roi id nose type ' .a vino c sudden c-:;pons_o. _ rh; do . ,rcrv.* 
of the probe entrance ;oic. Tuo such proles /ore of 

sli fitly different nolo die k? tors, run of ox iernai . mansions 
as shown in hi pure I. A second s .opr investigated tG a 
sharp nosed probe of stainless cub in : , ui‘ parallel scctio.. 
about one inch In length rroccedin any nsic. of the 
sa.iple fla . The di elisions of this p c?c are ;ivc 
Tiyure II* 
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A variation On the second ;ypc of probe vias constructed 
by -he o:,oii level f.. ip yard for the authors, which was 
r. -lor i.. encral shape to that sho* v;n in igure II, but had 
in ndcitiOi. pressure ceps arranged to read the pressures in- 
.ovu.'l an * external to the probe close to tao entrance • The* 
dec; ils of construction of this probe arc- ;.ivon in Figure III. 

because of the diffic.lty of maintaining the pressure 
-ends o. cue last probe roe fro. ./a ter droplets, a method 
t periodically freeing these leads /as devised, A clean 
„r ajpply at about 1C pounds per 3quar« inch gage was pro- 
vx-dco -v oa!; a of a reducing valve anc reese trap connected 
to t ... . f; oratory service air suppl . This lev/ pressure air 
: . v .y nns connecter to the pressure leads by means of cai- 
!orcial y/rex three . cochc, the free: side of each cocl: 

. : in. led to a diffore ...al /a ter nanometer. fy careful 
roiipulation .of the veives, it was possible periodically to 
free the pressure leads of water by blowing thorn out under 

a. . js o’, tain stable readings on the differential 

nanometer. 

fhc orr.orimental data leads to values of specific 
h mi lit/ a function of sample flow rate, the calculation 
of .n.ic.i \z doscri' . ’ .. fvppendicee 3-1 and F-2. "f ie function 
_ j plotted in -gure VI for a representative run, vdth speci- 
_ ic values of injected water-air ratio and inlet iAacii 'umber. 

It .as desired to express the function of humidity 
against flow rate in a dimensionless form to enable the 
correlation of data rex the various runs. For this purpose 
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an area ratio as chosen which is represe. , . ef t c c angc 

in cross section of the stream tube entering the pic. e, and 
is a function of the local pressure, temperature, Mach Number, 
me injected water-air ratio and the serrpic flow rate. The 
local ..ijch Number and temperature are calculated from a one- 
dinensional analysis, given in Appendices B-3 and B-4. I n 
all calculations it has been assumed that the liquid entering 
the probe occupies negligible volume. 

Jithin the limits of the assumptions used in obtaining 
t; c area ratio, as discussed below, the actual value of the 
stream water-air ratio is given by the value measured by the 
apparatus when the area ratio has a value of unity. This 
value , designated cj*, was obtained from plots of o, corrected 
for atmospheric humidity, against area ratio, representative 
plots being shown in Figure VII. 

110 alternative method of indicating the proper value 
o; mass flow at which to measure the water air ratio of the 
o^ream is the use of the differential pressure measurements 
obtainable v/ith the probe shown in Figure III. A zero dif- 
ferential pressure reading indicates that the velocity of 
the fluid entering the probe is the sane as the free stream 
velocity at that point, hence the value of the area ratio as 
described above should be unity. In view of the difficulty 
°* staining a zero differential pressure measurement within 
a rec ' • plots of pra erential against 

cured specific humidity were node, the point of zero 
pressure differential being interpolated to find the value 
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of tor** representative plots of this form, ere given in 
Figure VIII. 

attempt was made to obtain traverse measurements of 
# across the stream, and by integrating these points to 
obtain, an average with which to cospare the bulk average 
calculated from the known air mass flow and ..„;cr injection 
rate at the inlet to the aerothermopressor. Tie details of 
this calculation are given in Appendix E-i. 
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•- tic of tho neaoured m lidity . , 

o .lined as described a ovc , v/ae plotted as c function o 
, , and is presented In Figures I , , 

I, in the or. of coubined plots for all runs analysed for 
clc i ;/n e cf pro’; , including that one fitted f cr press re- 
leasurertcnts* 

r.ie i.iean lines for each type of probe are repiotted e. 
lo -log scales in Figure XII, to indicate the effect of t..e 
orobe s.ape on the results o' tsinec. 

the results obtained by differential pressure .ueasure- 
x*nts with the third type probe are presented ir. the foru 
of a plot of humid it/ ratio as a function of pressure 
differencial, Figure hill. 

co. > ; risen of tho results obtained by the pressure 
clif.'orcntir.I method 1th t lose o' tained r; the one direr.- 

4 

sional calculations leadin' to the area ratio, for -!«c sc. .re 
r ns as Shaun In hi jre XI, is given in fable I. 

f.»e results o ’ radial traverse are presented ir; 

"1 ; ..re XIV, t.ie values of ;* having been computed by both 

. I W W i n C # 
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Tl.e experimentally obtained function relating oy'to* and 
A^/Ap # given by F^-ure IX, represents data from twelve indi- 
vidual runs with the round nosed probes, over a range of in- 
let J4acb hu: -there from 0.24 to C.L 2 and of injected water air 
ratio fro;:, 0.024 to C.127 lbs. v;ater/lbs. air. The maxinun 
cl jo of A^/L for individual runs is a function principally 
of local ,”ach number, and is approximated by the value of 
JJP one-dinonsional isentropic corresponding to 

.lie local inch .'lumber. (1) 

The divergence of experimental points from the mean 
line at high values of /^Ap expected from a consideration 
of the geometry of the probe and the nature of the flow 
pattern when a high sample rate is induced. Since there 
a considerable eddy effect under these conditions 
oca. so of the bluntness of the probe profile, and therefore 
no opportunity for the flow to "scavenge" the face of the 
•> r of i ringed water drops: and since the pressure inside 
t e orobe is lower than the pressure on the face, there is a 
tendency for the impinged water to enter the probe at high 
flow rates, thus increasing the humidity measured by the 
e col. At low flow rates, where the eddy effect is less 
pro inent • "spillover" is less likely, and in fact 

was not observed. 

71, e similar plots for the sharp edged probes, Figures X 
and hi, evidence no such divergence from the mean line at 
high sampling rates. Since wit!: this type of probe such a 
"spillover" effect is not to be expected, the authors reason 
that the effect nay be ignored in striking a mean line for 
the round nosed ©robes. 



Figure XII is a replot of the mean lines of Fibres IX, 

X, tmA XI, ing a slig. on of slope of t rves 

for the tluree probes. Since in the opinion of the authors 
'cue first and second types represent the extreme variations 
of possible probe shapes, and the third type gives results 
falling intermediate to the other two, it is not likely tnat 
any other probe shape will produce significantly different 
results. 

The difference in geometry of the sharp edged and blun-o 
nosed probes is also manifested in the area ratio: calculated 
for choking sample flow. For the blunt probe, with s sudde.. 
expansion of the sample stream after entering the probe, the 
area ratios at choke correspond to those for one-dimensional 
isentropic area change for the calculated local hers. 

The sharp edged probes choke at an appreciably lower 
due to the effect of friction in the small diameter entrance 
section, and at sufficiently high Mach lumbers it is expected 
that choking might occur at a sampling rate corresponding to 
a value of less than unity. 

It is readily apparent fro;.' Figure XII t.iat there is no 
feature of this experimental function which lends itself to 
id determination of the value of withwt recourse to 
calculations involving approximations as to the nature of 
the flow in the vicinity of the probe. In essence u ;0 re- 
sults so far discussed provide a comparison procedure, but 
he opinion of the authors do not contribute di^ccvly wo 
the problem of instrumentation which is the ultimate ob- 



jective of this thesis. 
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The pressure dif ferential othod, a fever, seems to the 
authors to have considerable pro .ise as the basis of a useful 
procedure for obtaining results independent of the local 
e sure, tc .poraturc and bach I lumber. The results of 
several runs using tue probe designed for this method and 
hie differential manometer ar.d -freeing system described 
amove, are given in Figure XIII. These results indicate 
lower /a.jj -s of w than tmose obtained fro-, time cal- 

culation let od, as su,., jammed in Tabic I. 

It is suspected that the size of t ;e external .’assure 
o: * , v, 1 die as si. .all as mas thought feasible to manufacture, 
m- :.._J.l large o..oigh to disturb tue flow over the outside 
l, . If so, the pressure Indicated by the outside tap is 
vOo lou. 7 c sign of the rossure i if ferential ’.as been 
:moser. in seen a wag that an indicated' value o the external 
;ic pressure u.ich is too lex • results in a value for 
rose me differential which Is too high. -ere it possible 
.o correct t.is pressure differential for this effect, the 
disparity noted in Table I would me reduced. It is thought 



tha ; ;■ rc-hcsicn of t,.e probe, either locating the outside 
cap . erther downstream or providing internal pressure leads, 
•c Id i. nrove tuis condition. 

In obtaining differential pressure readings, much dif- 
fic Ity v/a - encountered because of excessive tine la r before 
egeiiibriuni of time pressure system was reached, and because 
of the foulinc of the pressure leads with water during this 
time lag. The flexible tubing used in the construction of 
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the apparatus as too large, being chosen to fit the smallest 
size pyrcx t roe way cocks available; and required a relative- 
V la;: e ;lo - through the small tap openings to produce 
ern. ill -l in the systen. As long as any appreciable flow 
thro , ; * the taps is required, some trouble is to be expected 
it., vrater intering the pressure leads, and v/as in fact en- 
countered. It vms not possible to obtain M 
state in the oycten he fere the leads fouled with water, 
naki:.; it necessary to * low the: out several times before 
prod icing b o identical readings. The use of the smallest 
•; f in; and : anometor commensurate with avoiding capillary 
effects in the manometer is recommended. 

Since tightness of the system is essential, it is 
recommended that tne use of the glass three way cocks be 
cent!., jet, as these ca . be regressed as necessary, and are 
k..o to be - round to close tolerances; but a smaller size 
•o .16 he desire ie for the reasons stated a ovc. 

As an approximate cueck or. the validity of the results 
obta^ .ed by the shove methods, a traverse measurement of 
•rarer sir ratio across the stream was made. The details of 
the traverse are given in Appendix 3-b, Where average water- 
air ratios across th.e stream iC/e been computed by both 
sc: ode. ocause of mechanical limitations, the traverse 
u:s completed across only one half of the stream, making it 
ry to assume . . intfl cation procedure that the 

flow was axially symmetrical, in addition the authors 
consider that more attention in tne design of the probe 
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night well have been directed to insuring accurate axial 
Ell >t and transverse positioning of the probe. 

While the average water-air ratio obtained fron inte- 
gration of the area ratio data is greater than that known 
.o have been injected into the apparatus, and that obtained 
by integration of the pressure data is reasonably close to 
the injected value, the authors do not place sufficient 
faith in this traverse to regard the pressure differential 

:>d as wholly substantiatec . '. or do they consider the 

validity of the area ratio correlation to be negated on 
this ground alone, except as further indication that the 
: "C rations used in the calculations are not sufficiently 
precise for the development of a 1 instrument. 

As a final comment, we wish to point out that the shape 
of the experimental functions presented here is attributable 
only o cue interaction the liquid and gas phases in the 
3 tree i. for the case of a significant amount of evaporation, 
the da ta must be interpreted as applying only to the liquid 
phase. Since, however, the measurements of water air ratio 
ere event ;cll/ desired to be made in sue., c way that the 
probe produces no disturbance in the upstream flow pattern, 
the accuracy of measurement possible with the pressure tap 
method is in no v/ay impaired. 
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IV. CgCLUSIQ.'S 

The area ratio method is not satisfactory for practical 
instrumentation, b'Jt o'fers a comparison technique "or 
evaluating other methods. 

The pressure tap method, although obviously not yet 
raised to a satisfactory level of precision, offers the best 
promise for development of a successful instrument. 




It is reco.. needed that the 0-7 .a sic in further re- 
search be p}acod 0:. the develop; 'e:vt of a probe 
tie pressure different iai technique sc a nenns of indicating 
;ne desired flo\; conditions for seesurintj :hc strec :/atsr- 
g r ratio, fee ortr ended probe con-fig urations arc _ve.i in 
. i . ure X.’, ..ere it v:iil be noticed the r.ajor consideration 
bos been to _ iprove the ci.cpc in t:.c region of the external 
’ :e : re op ening to avoid incorrect incicat.be. *8 of external 

static -rcssure. fhc length of the parallel orvtrcncc 
section shojld be kept as short as possible in order to 
avoid difficulties v.'ith chohing due to friction. 




Figure X V 5 /& 0/53 

Recommended Probes fa.<.c?.H.£ V. 




hr eer Concemtrvc Tubes Weldcd to Tip 
Ported Sri own 
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AEgft;-IX rrl 

List of Symbols used in the text 
A - Area, inches 2 

- I.'ach Number, dimensionless 

P - Pressure, centimeters of mercury 

aP - Pressure differential, centimeters of water 

Ret- ers to scale reeding of Schutte end Koerting rotameter 

T - Temperature, °F abs. 

V - Velocity, feet/second 
I - Total sample flow rate, pounds/second 
w - .'ass flow rate of gas phase, pounds/second 
^ - '.ass density, pound second s 2 /feet^ 

.> - Specific Humidity, pounds water/pound air 

B - Average injected water-air ratio 

• - Actual value of stream water-air ratio 

Subscripts 

0 - Refers to stagnation condition 

1 - Refers to conditions at plane of injection 

2 - Refers to local stream conditions at probe location 

- Refers to conditions in stream upstream of probe 

p - Refers to probe 

a - Refers to atmospheric conditions 

n - Refers to measured value 

d - Refers to conditions in Cevvcel 

n - Refers to conditions at flow measuring nozzle 
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«&EgagIX rr2 

Supplementary Introduce m. 

In undertaking the task of obtaining a satisfactory in- 
strument for the measurement of rhe water-air ratio of a 
high velocity air stream, it was thought, on the basis of 
qualitative reasoning, that the shape of the curves of to vs. 
flow rate for any shape of probe would show a point of in- 
flection near the sample flow rate at which a true sample 
v/ould be obtained. The definition implied by a "true sample 
is that the effect of the probe on the stream tube which 
enters it is nil, so that there is no relative motion of the 
liquid droplets and the air in this stream tube. Furthermore, 
it was expected that the rate of change of measured humidity 
with sample flow rate would be zero or nearly so in this 
region. 

By testing two probes of widely different shape, it was 
hoped that the effect sought would be found to be influenced 
by the shape, and that a reliable measuring system might be 
built around this characteristic of the flow, the ultimate 
shape being chosen so as to make the inflection point most 
prominent. 

The shape of the experimental curves shown in Figures 
IX, X, and XI does not bear out the qualitative picture giveu 
above. Furthermore , the shape of the curves for the blunt 
nose and sharp nose probes is much the sane, indicating that 
there is little chance c. any intermediate probe shape ex- 
hibiting such well defined features of the experimental 
function as arc necessary to the development of an engineering 
instrument on this principle. 
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The measurement of tire external and internal static 
pressures has been su ;gestcd by of ier researchers and was usee 
in tills case as an alternative method for indicating a true 
nn: pie. In principle, however, the basic essential of the 
pro len is the necessity of withdravdn a sai.rple from the 
.1 h speed air stream In such a way as not to disturb the 
flow of gas and liquid droplets upstream of t.ie sa upli.r; 
ole out. Since any probe will cause a disturbance o'" ti a 
uostreo:.v flow, tnere exists tuc necessity of coni oli_. t.jG 
nat re of the tier r nee, and 1. u Means c .csen to co sc 
..cue ;as to vary the amount of sa .pie withdrawn. The pr do- 
le: was thus red iced to that of now tc determine which 
sample flo" rate is the correct one, and a technique cr 
ansv/crinp this question was the principal objective of this 



t esis. 
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^rxhix -i 

Calculation of Speci'-ic humidities anc ater-Air Ratios 

f.;c 1: jocted water-air ratio » 0 was calculated fro , the 
several curves giver. by adleigh [l] for the 21/c inch sub- 
sonic aexothernopressor. Tic irdet Mach ! lumber and air mass 
io.. 1 rate arc given by a one-cJi:nensional analysis as func- 
Lions of t.;c pressure ratio , corrected for the 

‘r'oa- 

J.lcct of the .’a ter injection nozzle by means of an auxiliary 
correction c >rvc applying to the particular injector used. 

. he Injected v.ater rate v/as taken iron calibration curves 
or the Dc.iuttc end Koerting heianeter used. The value of 
o *aed in these calculations was ^iven . ratio 

obtained iron the above Quantities. 

-he s • ecr iic humidity of the sample in the dewed 
chamber was calculated from the measured pressure and dew 
poi temperature by ise of the Cibbs-Dalton rule for mix- 
tures and ; c definition of the do -point temperature. The 
partis ressure of water vapor in the mixture is given by 
t »e saturation pressure corresponding to the dew-point tem- 
perature, and the partial pressure of air calculated from 
the rule that th.o sum oi the partial pressures of the con- 
sult ent gases is equal to the measured total pressure. 

Hence . ~ _ 

to - X = SS 



^2 -j vhi. 



'Ajo_ 



i C).(o2? for water vapor and air, since the 

temperature of the mixture is assumed uniform. 
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AFPEinx r,-s> 

Calculation of Sample Flow Hate 

T'te sample flow rate was measured by the use of a 
standard V '.H long radius flow nozzle with nozzle throat 
taps, of throat diameter 0.100 inches, installed in the 
25C -nside diameter tubing immediately downstream of the 
foiling 'water heat exchanger. 

Since the sample humidities involved in these experi- 
ments were sufficiently low to allow treatment -of the mix- 
ture as if it were air for the purpose of computing specific 
:»cats and molecular weight, the formulae given below for air 
6 were considered adequate for the purpose. The approach 
veloc correction was considered negligible in this case, 
and only static pressures measured. 

The variation in the nozzle discharge coefficient, from 
minimum to maximum flov; rates used, was predicted from the 
data of (9) to be from 0.S6 to C.92, for Reynolds’ numbers 
based on diameter from about 2,000 to 0,000. In view of 
tne uncertainty of the other assumptions made leading to 
computed values of area ratio from measured data, it 
\;ic considered sufficiently accurate to use a uniform coef- 
.icient of disenarge of 0.90 for all calculations. 

In addition, it has been assumed that the sample tem- 
perature entering the nozzle was 205°F for all flov; 
conditions. 



For ap between 10 percent and 50 percent of inlet 




J 
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pressure, the f lov/ rate through a standard nozzle is given 
by \y1 as 

- C.«(bZ7 C V ll ^ t? z -o,cn£ U p±) 

1 T 1 ! for air 

or, for <ip and in centimeters of mercury, and other values 
as given above* 



-A I 7 

V] - C.£i$'bX\0 



For ap less than 1C percent of the inlet pressure. 






? ,1 1 



T» 



or for Ap and in centimeters of mercury, and other values 
as given above, 

_ a. a * 

\K) = oCl^Xvo \ 




• jTiL'irr*: "-3 
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F.‘ iculation of l.oc: 1 .ach bunbor 



The local ; ach u-ber 2 v/as calculated Iro.v £ one- 
dinensionsl ar.alycis of •: discontinuity usi>;~ the control 
volume s o\r. bclc:: 



^ V - v 










It -s cssl ;ev> \i • t : l) The- v<£i ter injection velocity is 



, negligible 

2) Tie liquid velocity and rac velocity 
are ucual at suction 2 
2) 7h a Her.! is adiabatic 
4) There is no evaporation 0 . liquid 
in the test section. 

Fro , the Perfect 'lac .Tvlv (equation of State) 

Vt. _ Sx l l r - \ 

‘ S. T, 

ro. the Condition of Continuity 



- SC. ■ Sdk 

The- Steady Flow Energy Equation 



= CpT, - W; ^ c f T t 4 ooo Ms* 



(2) 



( 3 ) 





AC. 



Definition of V. 




'Substituting (4) in (3) noting that - \&- \ 

S> ' 

~ 0 4 T <)- T,[uc VMo.^f Mj] ( 0 , 



•" Jhstitutir /. 1 (2) in (i) and using (3) and (i) 
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where the positive sign is taken under the radical, since 
the negative yields a value of Mo without physical meaning, 
"he local Mach Number is thus calculated approximately as 
• Unction of the inlet tub l umber and the ratio of inlet 
pressure to local pressure. 



£ 
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aEfflEL; r-', 

Calculation of Area Patio 




The parameter chosen to normalize the flow function is 
derived from the folio considerations: 

The Condition of Continuity: 

U) 

The Definition of M 

K - X - 1 =) 

v 

The Perfect Gas Pule (Equation of Ctcto ) 

SET (3) 



Genre 




for in centimeters of mercury and y» a in pounds per second 
(equal to ^since the liquid entering the probe is 

assumed to occupy negligible volume. ) 

iote that and are considered to bo identical, 

since the point of measurement of local pressure was chosen 
sufficiently far upstream of the probe as to be unaffected 
by its presence, the condition under which the subscript 
is generally applied. 




43 . 



Victhorf o ; Intcqratin:; Traverse Vie as jrcre.Tt; 

Traverse -nca sure went s were rnc'e at rive position?, 
centerline ^nc at each succeeding quarter cl in lnc‘ , 'tr. 

the area ratio end pressure differential tcchni 
results are plotted in "1 ;urc XIV. 

Vo o tain an average water air ratio to ccoipare .if. 

. *e hno r. injection the following definition was used: 

^ (‘V'O ^ oK 

( 1 ) 



LO 



atv 









rod e p . . a; • ■ : - const &i . ic r e i . 
ucing (1) to: y o 



to -5^0, r 

<0 



^ uV if\ to A k 












The j:;.era tor o' this expression was ova : uc ted 0"t to a 
a.ti Jt o.~ one inch hy c; ply in •- rr-jcon* s "Vile or ;v:rcrical 
-ntegration with ten ordinates. Ire value c. at radii 
-'ooaer than one inch is in question, since for a we: '.nil 
• roca.os infinite at t .o a.li. In ovaiuatiru the intcoral, 
it was assured that the curve of coe J ho Ini roc into . 
straight line extending Ire... r * i.0 to r = r 0 . fho so.i.-v* 
ution o: this portion of the integral was, cor./voted oy sin- 



a .Mean value of the product j .*. 




TABLE II 

SUMMARY OF AREA RATIO CALCULATION 



Run 


Probe 


Date 


Mi 


14 


II 


3/25 


0.270 


15 


II 


3/27 


0.243 


16 


II 


3/26 


0.240 


17 


II 


3/28 


C .420 


13 


II 


3/28 


0.420 


19 


II 


3/29 


C.415 


20 


II 


3/29 


0.520 


22 


IV 


3/29 


0.242 


23 


III 


3/30 


C. 250 


24 


III 


3/30 


C. 250 


25 


III 


3/30 


0.250 


27 


IIA 


4/7 


C.4C5 


2S 


IIA 


4/7 


0.343 


29 


IIA 


4/3 


0.343 


30 


IIA 


4/C 


0.343 


30a 


IIA 


4/8 


0.343 


31 


IV 


4/17 


0.345 


32 


IV 


4/20 


0.345 


33 


IV 


4/20 


0.420 


34 


IV 


4/20 


0.345 


35 


IV 


4/20 


0.345 


36 


IV 


4/20 


0.345 


37 ' 


IV 


4/20 


0.345 



w c 


m 2 


T o 


T 2 


0.03C 


0.279 


510 


502 


0.064 


0.249 


506 


500 


0.125 


0.251 


507 


49C 


0.024 


0.455 


507 


486 


0.050 


0.457 


507 


465 


C. 079 


0.473 


503 


480 


C . '43 


0.640 


503 


464 


0.0C3 


0,263 


503 


496 


0.038 


0.25.6 


507 


500 


O.OSO 


C.258 


507 


500 


C. 127 


0.256 


507 


499 


0.04S 


C.582 


507 


472 


0.077 


0.372 


511 


495 


0.120 


C.371 


511 


496 


C. 046 


C.372 


511 


496 


0.034 


0.372 


511 


496 


0.034 


0.367 


511 


497 


0.034 


C.365 


505 


492 


0.030 


0.475 


505 


481 


0.034 


0.365 


505 


492 


0.034 


0.365 


506 


492 


0.034 


0.365 


505 


492 


C. 034 


0.365 


505 


492 



*A 

6.37 

7.15 
7.05 
4.25 
4.22 

4.15 
3.36 

6.95 

6.95 

6.95 
C.95 
3.ul 

5.00 

5.01 

5.02 
5.02 

5.09 

5.10 
4.21 

5.10 

5.10 

5.10 

5.10 




I63IE III 

derived values 
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Run 14 
3/23 

Ap = 3. OCxl C" 3 
= 0.046 



Run 

3/27 

Ap = 3.00x1c" 3 
wr* = 0.092 



Run 16 
3/28 

Ap = 3.00xl0" 3 
<•** = 0.136 





(0 


0.039 


0.031 


0.037 


0.029 


0.007 


0.029 


0. 036 


C.C2C 


0.022 


0. 024 


0.039 


0.031 


0.040 


0.032 


0.000 


0.042 


0.043 


0.03L 


0.033 


0.047 


0.023 


0. 00 c 


0. 066 


0.060 


0.070 


0.064 


0. 066 


0.060 


. 


G.CoO 


0.079 


0.073 


0.093 


0.039 


0.066 


C. 060 


0.066 


C. 060 


0.091 


0.036 


0.104 


0.099 


0.124 


0.119 


0.092 


o.cso 


0. 069 


D.0c4 


0.090 


C.cco 


0.093 


0.088 



h'xIO 3 


v/xlC 3 


C.893 


0.867 


1.010 


0.984 


1.000 


1.022 


1.074 


1.04b 


1.074 


1.049 


0.940 


0.911 


0.523 


0.798 


0.630 


0. S04 


. 722 


C. .96 


0.403 


0.434 


0.414 


0.423 


0.773 


0.730 


C.S49 


0.797 


. 


0.939 


G.o2o 


0.774 


. 


0.cD9 


0.483 


0.442 


C.983 


0.936 


1.011 


0.906 


C.977 


0.900. 


C. 500 


C.774 


0.702 


0. .29 


1.020 


0.939 


1.067 


0.653 


1.093 


1.009 


1.112 


1.023 





- 


1.84 


0. ;73 


2.06 


c.too 


2.14 


0.630 


2.22 


0.. 4. 


2.22 


0.021 


1.632 


0.674 


1.092 


. 


1.280 


C.911 


1.452 


0.76C 


0.920 


1.021 


0.8.7 


1.0 V 



1.740 


0.601 


1.9CC 


0,693 


2.23 


0.621 


1 . ©4 


0.73c 


1.4L 


C . 793 


1.060 


0.902 


2.23 


0.621 


2. 


C.cLl 


2.12 


D.321 


1.32 


0. o24 


1.46 


0.762 


2.21 


. 


2.31 


. 


2.37 


0.242 


2.41 


0.264 
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-* Li " A * - (Cor.t . / 



Rur. 17 
3/2 

Ap = 3.02x10“^ 
o* = C.03*. 



• I'j.i 1 . 
fry 

->/ 2o 

r “ 3, 30x10’“*' 

-■* = : . 37 C 



nun 19 
3/29 

= 3.00x10“^ 

P 

= 0.129 



14- 

ta 


tj 


: . 03 : 


0. 030 


. 


0.C2S 


C • 03- 


0.C29 


C. 92- 


C. 330 


. 


. 


c. :: ■ 


C.03-; 


. 


C . 0— 


C.031 




C.CL1 


C . 04 <., 


o.or7 


0.032 


C.073 


0.930 


C.072 


0.070 


~ • J / ~ 


— . 3 J —> 


0, OOo 


O.Ool 


0. 007 


C.0o2 


0.13c 


0.131 


C.llo 


0.113 


o.loe 


0.103 


2.100 


2.093 


0.097 


0.092 


C.099 


0.094 


0.102 


0.037 



.xlC 3 


v/xlO 3 


1.003 


1.034 


1.037 


1.023 


1.01C 


C.964 


2.-73 


C, 944 


:. 72 


C. 47 


0.750 


. 


C.c32 


0. 


1.079 


1.330 


0.476 


C.43L 


. 


C. 34 


2.763 


r 71 / 

V. • * — • 


0.733 


C. 712 


0. 394 


C • 239 


0.973 


C.31& 


1.0 2 


1.019 


0.77o 


C.6B6 


0.912 


0.820 


0.991 


2.698 


1.063 


0.973 


1.089 


0.993 


1.120 


1.924 


1.129 


1.029 







1.47C 


C. -03 


1 . • ■ 3C 


0.031 


. 


C.lbl 


1.340 


. 


1.201 


• 3 


1.230 


1.000 


0,074 


1.116 


1.490 


C.764 


0. 4 1> 


1 . 320 


0.77S 


1.170 


1.007 


C.97C 


1.006 


1.DC0 


1.180 


C.626 


1.2.0 


C. 70 


1.421 


L ft 


0.920 ’ 


1.347 


1.133 


0.903 


1.243 


0. -23 


1.347 


0.760 


1.379 


C.73t> 


1.419 


0.712 


1.423 


0.766 







(Cone. ) 
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CO 




C.07c 


C.C73 


Run 20 


3.034 


0.079 


3/29 _ 


0.07C 


0.073 


, =3.00 x 1(T J 


0. 074 


. 




0.069 


0.064 


II 

Cl 

• 

8 

C* 


C. 069 


0.0*4 




C. 070 


. 


nun 20 


0.042 


0.037 


2/29 


0.044 


0.039 


W o 

= 70vJ 


0.043 


. 




0.043 


0.032 


= C.060 


0. 049 


0.044 




0 • 0 


0.030 




C.050 


0.044 


Hun 2*. 


0.046 


2.040 


3/2. 


. 


C.039 


= Z. 


0.042 


C. 033 




C. iX4 


.032 


= 0.0 ^ 


0.000 


.044 




. 


C. 043 




. 


0.000 



•xIC 3 


wxlO 3 


vv 


w 


C.760 


C. 709 


0.794 


1.120 


0. / . _ 


.7 


. 






2.799 


... 


1. 


0. o65 


. 


0.902 


1.060 


c. ?4c 


. 


C.996 


0.965 


J.0C4 


. 


1.032 


0.905 


. - 


:.970 


1.093 


1.000 


0.975 


C.941 


2.39 


0.216 


C .946 


0.913 


2.32 


0.650 


0.901 


. 


2.21 


C.234 


0. '24 


j. 


2.02 


0. o34 


0.737 


C.706 


1.792 


0.734 


C.611 


0.302 


1.47G 


0.334 


O.oOO 


0.631 


1.600 


C.710 


0.607 


0.660 


1.670 


0.346 


C.o96 


C. .,70 


1.296 


0.630 


C.^96 


0.673 


1.704 


0.630 


0. 92 


0.671 


1.7C0 


C.613 • 


0. .17 


0.391 


1.497 


0.710 


C. - L.Z 


0.037 


1.334 


0.742 


•490 


0.434 


1.173 


0. 037 
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IAB1E in (Cont. ) 





Ci 

m 


* 


v/xlO 3 


wxlO 3 


V*p 


Run 24 
3/30 

Ap=2.74 x 10"- 
= 0.118 


0.110 

0.081 

0.080 

0.079 

0.079 

C.090 

o.oss 


0.104 

0.075 

0.074 

0.073 

0.073 

0.034 

0.032 


0.486 

C.t>54 

0.705 

0.711 

0.720 

0.575 

0.563 


C.440 

0.608 

0.556 

0.653 

0.070 

0.u30 

0.520 


1.114 

1.540 

1.661 

1.654 

l.o97 

1.341 

1.317 


Run 25 
3/30 

/ip=2.74 x 10" 3 
tJ* = 0.166 


0.14b 

0.124 

0.11G 

0.109 


0.139 

0.116 

0.112 

0.103 


0.542 

0.o41 

0.633 

0.698 


0.476 

0.575 

C.574 

0.631 


1.207 

1.457 

1.452 

1.600 


Run 27 
V7 

Ap=3.12 x l :"- 
cj* = 0.0S2 


0.084 

0.066 

0.096 

0.113 

C.146 


0.078 

0.080 

0.090 

0.109 

C.140 


1.010 

0.936 

0.635 

0.670 

0.496 


0.937 

0.869 

0.766 

0.605 

0.435 


1.085 

1.006 

0.8S9 

0.701 

0.504 



<o/cj* 



0.C72 
0.636 
C.o27 
0.620 
0.^20 
C. 713 
C .693 



0.326 
C. 702 

0. ouu 

0.613 



C.939 
0. r 76 

1.097 

x.330 

1.710 







:o. 



Run 2S 
4/7 ~ 

Ap= 3.12x10"° 

w* = 0.110 



Run 29 
4/8 ~ 

A p = 3.12 x 10 ° 

w* = 0.178 



Run 30 
4/8 

A p = 3.12x10“° 
u* = 0.072 



IAT-LE III 



“to 


CO 


0.091 


0.085 


0.089 


0.083 


0.0C8 


0.082 


0.0E9 


0.033 


0.095 


0.089 


0.108 


0.102 


0.123 


0.117 


0.141 


0.137 


0.144 


0.140 


0.162 


0.15G 


0.187 


0.133 


0.132 


0.128 


0.134 


0.130 


0.081 


0.077 


0.069 


0.063 


0.061 


0.037 


0.062 


0.058 


0.058 


0.054 


0.C58 


0.054 



(Cont. ) 



wxio 3 wxio 3 



1.139 1.049 
1.14S 1.039 
1.120 1.C34 
1.046 C.965 
0.991 0.911 
0.817 C.741 
0.642 0.540 



1.047 0.921 

1.020 0. :95 

0.S37 0.740 

0.717 0.606 

1.129 i.OCl 
1.09 2 0.967 



0,503 C.542 
0.790 0.743 
0.910 0.062 
0.943 0.094 
1.029 0.974 
1.074 1.019 



'ic /A P 


cVo* 


1.6CC 


0.773 


1.698 


C.755 


1.66C 


C.746 


1.348 


0.755 


1.461 


0.809 


1.189 


C.927 


0.879 


1.064 


1.478 


C.77C 


1.437 


0.787 


1.1SC 


C.86S 


0.973 


1.029 


1.608 


0. 720 


1.550 


0.730 


0.871 


1.C70 


1.194 


0.903 


1.387 


0.792 


1.434 


0.806 


1.569 


C.751 


1.639 


0.751 




in (coot. ) 

x!0 J Wei** bj/u>*/ A?^ u/u>*f 



51 
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• • • • 

o o o o 


0 

1 
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r 

n 

‘r 


pO 

I 

o 
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x 

o 

O C4 
Cl ' J r-l 

c^ro 

TJ 

CC I) 



a 

s 

o 



n 

< r - "5 



x ci ^ 

S ri 

O 

r)Nr i • • 

•h • o 

S> ' 
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<PI f 



I! II 



x co n 

C4 •* O 
nor- • • 
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H 't 3 

r o.jo %r 

H O O CJ 

• • • • 

*H rH O r-1 



C>HOO 

c, r> *h c J » ? 
c* 

+ -4- I «*• 



X cm co *r o 

QOHO 

o r~ *" > 

• • • • 

? o o o o 



n. Q o n *h 
C JuO C'H 
_ c J ; ) - • 

c # • • • 

HrlHr! 



•.*oort 

ON -» O CJ 

r- > 

• « • • 

o O o 



O '^O 

o N > c> 
>or- 

• • • • 

O O O ■ 



cm coco r : 
: r- r- c> 

• • • • 

o o o ^ 



S> rH O O 
tO r - : > • ~n 

• • • • 



1.370 

0.927 


1.070 

0.397 

0.794 


CNc*0 
nr cocn 
> o o 

• • • 

o o 


O 1 1 C • 
'-3 HO 
O 

• • . 

O C.^t 


rH H 

+ ! 


O' tO O 

Oj r-4 

rH 

+ 1 1 


o coco 

'C-C 


Ci 

OC-) 

H 

1 1 + 


£S 

OO 

• • 

o o 


uO K tO 

CO o 0 

• • • 
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o J • :• 

• • • 

ooo 


CJ ■Sfr CO 
S- 

t* )CN 
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VS 

* 
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r- 1 rH 


CN o to 
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rH *H r— 1 


CD 'CM 

• • « 

H HH 
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> 
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o 
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n - _2V 
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• • • 

o pf 3 
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r- 
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rH • 0 CO 
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c o*h 


CNO rH 
CN ft U) 

C cj*0 

ft ft ft 
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o ^ho 

C H . 
vC O O 
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O o 
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o o 
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ooo 
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ft ft ft 
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r> O O 
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ft ft ft 
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C Cio 
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o e o 

ft ft ft 
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C 4 

o 


NT 

I s - 


r) 

s 5 . 


C 3 

CN 


CO 

CO 


o 

CM 
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CO 


rH 

3 






r* ! 


o 


o 


-1 o 


o 


o 


o 


o 


o> 


ft 


ft 


ft 


CO • 


ft 


CO 


ft 


• 


n • 


CJ • 
V 


o 


o 


o 

fft 


o 


o 

mm 


o 


c 


o 


o 


o 

c 




M 


11 


3 II 

cr ^ 


II 


3 u 
rC _ 


11 


3 

ct; 


II 


H 





y 



% V 



>■> 






X >k 

% * 

w O 



Refers io cA obtained Iron zero press -ro differential 




Sample Calculations 



Fron the measured inlet pressure and the curves of (1) 
the value s of inlet ?'ach Lumber and injected water air ratio 
are found to be, for "am Lumber T3, 



= 0. 2b 0 

ti 0 = 0.038 

These values are constant for the run. 

I ron, the calculations of Appendix £-3, the local ,'ach 



Lumber ’U is calculated 



M v 



\ Z (© o^o) 

Hi ‘ (O'Ho) = 0 -Z.v^ 



- Vo^o 



C, 51 (p.z)(o.t£cf 

- c o\3>o 

- \'0"in 



The local temperature Tg is calculated from Equation (h) 
of Appendix B-3 

£ CTT 






a ^ (oo 



\-v (\.oVfc) 0.l(o,^o) 

The Area Ratio A<j/^ from /vppendix B-4 is calculated 

/W ^.^4. z.C^kxoos-^ 

'A? (noX)(o,2.^^ ZHH-KVo 



-o be 




The measured humidity and flow rate are calculated for the 
i st point of Run 23, from Appendices B-l and B-2, 

?ev^- Z-C*\ =(\\ ^ 

* H-*,\ 

^ a ^ CXo 

1-0 ~ * © •o^r^. 

VM = O,^ *»vf^T($|g = 0.H0W* 

7ae air mass flow rate through the probe and sampling 
system 

VJ 



U3T - 



\-Vlo 



- O ' IpleO * .\Q 

T 



-■5 

O > >4. \ 0 



rhe V2lue of is found fron this value of w. to bo 

* (.'Z''&<c)Lo-< 0 ‘b\) =- \.<oO© 



Fron w vs * k'Xp (Figure VI) the value of to* 
j_^r'l] 1S * Lo* ^ o. tofe-a- 

%* , 0,110 



Hence 
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bb. 



— ■, t: 



<TxI'L;aL DAT 



DE-CEL DATA 



flo data 



p d 







32.: 


93 


Run 14 


41.7 


G4 




3/25 


25.0 


76 




II 


2/ .4 


76 


-f* 

± o 


510 


23. e 


76 


( 1- 


o.oc 


do.: 


100 


o 




56.1 


104 


r i 


72.1 


67.6 


102 




71.0 


62.0 


110 


T.ot 


. 30 


70.9 

71.0 


no 

in 


T? 

41 




74.3 


110 




-/ 2/ 


o7.2 


122 




II 


49.5 


116 


~0 


5 Do 


r r ■ 

V - • *# 


112 


l) a 


o.oc . 


61.2 


122 


Pi 


72.1 


69. 7 


23. 


P~ 


7C.C 


46.9 


114 


Tx 

■ 0 «* 


• c0 


/ • ^ 
K t **7 


102 


• 1 


.un io 


31.0 


113 




3/2. 


3’. .1 


160 


- o 


207 


o4 . 


16. 


£ *Q 


. 


47.. 


134 


pl 


6u. 


39 . 


122 


? 2 


64.1 


31 .3 
30.0 


114 

112 




• to 







Dew PI. 


p n 


* p n 


85 


52.6 


61.7 


77 


47.4 


96.5 


66 


29.8 


157.0 


61 


25.7 


1 9.0 


60 


25.1 


193.1 


C4 


5C.4 


70.7 


89 




46.0 


101 


77.4 


21.0 


94 


62.0 


33.9 


106 


7C.7 


11. 


107 


72.^ 


11.6 


113 


78.3 


n 


10. 


->7.1 


31.4 


99 


49.3 


74.8 


IOC 


t p n 


46. C 


114 


b.. 


2-. 6 


122 


09.3 


14.1 


97 


47.1 


:3.c 


95 


43.6 




no 


r r r> 

W. w • . 


75.1 


119 


: .o 


49.6 


128 


V-.7 


30.7 


IOC 


40.5. 


£v.4 


101 


40.1 


ll- .: 


97 


35.7 


137. 


93 


3C.9 


1.6.7 



W«JK)'iv 5 HOiJ 




(cent.) 



DEi’CEL DATA 



FLO. DATA 



Run 17 
3/28 
II 

T 0 £07 
u 0.005 

Pi 66.4 

p 2 64 « 1 
'Ot . 30 



Run 18 
3/28 
II 

T 0 307 

o a 0.002 

Pi 6o.*’ 

?2 64.1 

Rot. 60 



p d 




Dev; Pt. 


p n 


34.7 


111 


69 


35.2 


36.1 


no 


72 


36.5 


43.1 


110 


75 


43.2 


48. 3 


in 


79 


46.3 


55.9 


in 


84 


55.8 


62.2 


in 


91 


62.1 


66.2 


112 


96 


66.1 


33.0 


105 


66 


33.4 


69.9 


114 


103 


69.9 



67.2 


138 


118 


67.1 


61.9 


139 


no 


61.8 


62.1 


139 


in 


61. C 


52.0 


137 


104 


54.9 


49.5 


133 


99 


49.4 


35.0 


124 


88 


35.4 



131.6 

113.2 

96.5 
76.8 

55.2 

36.5 
24.7 

139.5 

13.2 



21 . 

36. 

38. 

60. 

77. 

134. 



Run 19 
3/29 


62.3 


145 


128 


61.8 


39.3 


II 


56.5 


143 


121 


56.5 


57.5 


T e 303 


49.4 


139 


114 


49.4 


80,5 


o.o o: 


42.4 


134 


106 


43.1 


107.5 


65.5 


35.9 


130 


100 


36.5 


135.1 


1 


31.7 


125 


96 


32.5 


lbC.2 


t>2. 7 


29.3 


122 


95 


30.0 


177.5 


Rot. 90 













O' O O C O O' 




X^ULJLV (Cont.) 



58 . 



DEVJCEL DATA 



FLO,; DATA 





? d 


T d 


Dev; Pt. 


F n 


* F n 


Run 20 
3/29 
II 

T 0 503 
co a 0. 005 

Pi 61.7 


60.7 


133 


1U 


60.3 


39.0 


60. 6 


123 


113 


60. 7 


38.7 


50.7 


133 


ioe ' 


55.6 


54.0 


55.9 


133 


107 


55.7 


55.0 


49.4 


130 


100 


49.2 


74.0 


43.8 


12£ 


96 


43.9 


93.1 


?2 56.3 

Rot. 60 


37.9 


126 


92 


38.0 


116.3 



Run 22 
3/29 


41.5 


132 


CO 


41.6 


94.5 


IV 


46.7 


132 


84 


46.7 


75.0 


T 0 502 


51.1 


132 


07 


51.1 


64.5 


0.005 


57.2 


132 


93 


57.0 


48.0 


Pi 72.7 


61.3 


133 


97 


61.1 


36.0 




66.3 


133 


103 


66. 2 


23.0 


P o / 1 . 4 

Rot, 62 









Run 23 
3/30 
III 

T 0 507 

tJ a 0.006 


42.1 

35.0 


99 

99 


85 

78 


41.9 

V O 

1 w 


42.0 

55.0 


27.1 


97 


70 


2o.9 


73.3 


21.0 


89 


62 


21.0 


93.7 


12.5 


06 


53 


18.0 


106.2 


?1 71.3 


46. C 


109 


90 


47.9 


32.1 


P 2 70.5 


54.7 


120 


95 


54.5 


23.3 


Pot. 30 


59.9 


123 


103 


56.7 


lc.u 




ItlrvU r (Cor.w . ) 



59 . 



f I 

P 2 

O'C. 



oC 



DE.’CHL DATA 



FLO/ DATA 



Hun 24 


Pd 


T d 


- ew Pt. 


Pn 


AFn 

4 4 


3/30 


61.3 


!•» 


123 


55.3 


l-.l 


III 


45.3 


140 


102 


45.1 


3C.7 


, 303 


33 .1 


133 


94 


3^.9 


57.7 


0.005 


22.3 


112 


79 • 


22.4 


93.3 


71.3 


lc. 3 


116 


73 


lt?.b 


112.0 


70.3 


55.6 


132 


112 


55.7 


23.2 



p. 



Hun 22 
0/30 
III 

503 

. 

71.3 

. 

90 



5 5.0 


141 


12? 


56.0 


2C.. 


49.1 


141 


Ho 


49.3 


34.2 


4 .9 


127 


116 


4c, 9 


34.1 


3 .3 


133 


1C 7 


39. 3 


50. 0 


25.5 


126 


97 


29.6 


7^.0 



05. 



Hun 27 



* o 
<J a 

Pi 

P~ 

Hot, 



4/7 












IIA 


42.2 


140 


101 


43.0 


95,2 


507 


47.2 


140 


105 


/ 'f A 


76.0 


0.906 


54.1 


143 


113 


54. C 


. 


63.5 


60. j 


145 


123 


60.7 


29.6 


5-. 2 
o6 


65.7 


146 


133 


ol.o 


14.9 




— - r" (Cont • , 



6C 












DE./CEL 


data 


FLO.; 


data 






Pd 


~d 


Dev/ Pt. 


p /1 


AP... 

M 


• 1 


- • 1 2 o 














4/7 


30. 3 


164 


93 


31.7 


170.1 


To 


IIA 

311 


3w. * 

37.3 


164 

163 


93 

9£ 


34.3 

37. c 


132.3 
106. C 




0 • 00 .. 


42.7 


163 


103 


43.0 


106 . C 


Pi 


69.7 


43.2 


lOo 


10 ^ 


4o*3 


83.7 


P 2 

Rot 


67.3 
. 7o 


0 £. 6 

64.6 


166 

12S 


120 

10.62 


3. .3 

A 

^ 


41.7 

21.6 


Run 29 














A/S 


39.3 


133 


114 


3E. 6 


119.6 




IIA 


♦ ■ 


140 


119 


43* 1 


90 . 0 


To 


611 


33.4 


143 


130 


\ £ 


30a 2 




0.004 


. 


132 


13E 


&L.o 


34.0 


Pi 


6 ' .7 


3. ,3 


143 


10 E 


37.4 


130. c 


Pn 

... 


67.3 


wi o .4 


149 


111 


39.6 


124.0 


ot. 


. 114 












Run 30 


r 












IIA 


ou.7 


130 


li 


n 


T . 0 


T o 


311 


. 


147 


104 


O?.o 


44.0 


«a 


0.034 


30. c 
AS, 2 


144 

142 


96 

96 


~ 

• - • V 

4o. 7 * 


60.3 

74. 


Pi 


69.7 


40.3 


13C 


£9 


41. B 


103.3 


P 2 


67.3 


34 . 3 


130 


64 


3o . 0 


132.0 


O w * 


31 














61 



-IA2LE IV (Cont.) 



DEV/CEL DATA FLOW DATA 

p d Td Dev: PH. P n AP n AP p 



Run 30 a 29.0 135 

V7 31.0 135 

IIA 35.0 135 

T c 511 33. 1 136 

0.004 43.6 136 

Pi 69.7 51.3 137 

P 2 67.3 61.5 139 

Rot. 51 66.4 140 



71 


30.7 


163. E 


74 


33.3 


147.0 


76 


36.2 


129.5 


79 


39.2 


113.9 


84 


44.3 


90.3 


90 


51.7 


63.0 


100 


61.5 


32. E 


113 


68. 4 


13.5 



Run 31 
4/17 
IV 

T 0 511 
co a 0.004 
P^ 69.0 
P 2 67.4 
Rot 36 



67.6 


123 


99 


67.5 


IE. 3 


56.7 


121 


64 


• 


5C.3 


45.6 

61.1 


120 

122 


74 

89 


4. . 
6C.S 


63. 

36. 



+69 

-34 

- .17 



Run 32 
4/20 



T o 


IV 

505 


57.5 

62.0 


115 

115 


84 

88 


57.5 

61. E 


48.0 

34.6 


-23 

+12 


°a 


0 . 003 


64.0 


115 


92 


63. 8 


2E.5 


+30 


P 1 


68.7 


53.6 


113 


79 


53.6 


59.2 


-54 


P 2 


67.2 














tot 


36 



















62 . 



.TABLE r / (Cont.) 



DE.'CEL DATA FLO I DATA 



Run 33 
4/20 
IV 

T e 005 
Q. 0.003 

60.7 
P 2 61.8 
Rot 92 



Runs 34-37 
4/20 

T o 505 

o a 0.003 

P-L 68.7 
P 2 67.2 
Rot. 36 



p d 


T d 


Dew Pt 


50.5 


127 


111 


01.9 


123 


107 


47.0 


127 


102 


09.3 


12G 


116 



59.4 


124 


84 


01.8 


121 


75 


62.4 


122 


67 


50.3 


121 


79 


42.5 


112 


67 


•2.8 


109 


68 


00.3 


110 


79 


(A. 1 


111 


83 


62.2 


112 


97 


49.4 


111 


€5 


60.1 


122 


105 



p n 


* p n 




00.4 


03.9 


+39 


02.0 


60.3 


+11 


47.1 


80.0 


-23 


09.1 


42.6 


+06 



09.2 
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